INTRODUCTION
Ribonuclease TI (RNase TI; EC 3.1.27.3) catalyzes the endonucleolytic hydrolysis of the phosphodiester linkage on the 3'side of the guanine bases in singlestranded RNA with very high specificity and serves as an invaluable tool in the structural analysis of kinetic studies''2 on guanine mononucleotides it has been shown that the inhibitory effect decreases in the order 2'-guanylic acid (2'-GMP) > 3'-guanylic acid (3'-GMP) > 5'-guanylic acid (5'-GMP). The pK, of Glu58 has been determined t o be between 4.1 and 4.9 in the free p r~t e i n~-~ and 7.8 in presence of 2'-GMP.3 The mononucleotide inhibitors were shown to bind to the enzyme in the monoionic form with a single negative ~harge.~,~.' However, the information obtained from these s t u d i e~~. '~ is not sufficient to unequivocally establish either the probable binding orientations of these inhibitors or the nature of interactions responsible for the specific recognition of the guanine base. The exact role played by different amino acid residues shown to be involved in binding and/or catalysis by chemical modification studies is also not clear. Recent x-ray crystallographic studies on the 2'-GMP-RNase T1 complex at 1.9 8, resolution"
showed that the ribose moiety of the bound 2'-GMP molecule adopts a C2'-endo puckered conformation. The mode of binding of 2'-GMP to native RNase T1 determined crystallographically at a resolution of 1.9 A'' is in fairly good agreement with the one found in the Z1-GMP-Lys25-RNase T1 complex.
Although both these studies agree with each other regarding the puckering of the ribose and the conformation of the bound 2'-GMP molecule around the glycosyl bond [+synclinal ( f s y n ) range], they differ in the nature of the hydrogen bonds between 2'-GMP and the protein (Table I ) . From 'H-nmr investigations on the complexes of RNase T I with the four inhibitors 2'-GMP, 3'-GMP, 5'-GMP, and guanosine 3',5'-bis (phosphate) it was suggested that 2'-GMP and 3'-GMP adopt the C3'-endo syn conformation and 5'-GMP and guanosine 3',5'-bis (phosphate) adopt the C3'-endo anti conformation when bound to RNase T1 . I3 Thus the puckering of the ribose moiety in the 2'-GMP-RNase T I complex seems to be different in solution from that observed in the solid state.
A low-resolution (2.6 A ) crystal structure determination of RNase T, with 3'-GMP,14 an inhibitor and the product of the catalyzed reaction, could not provide much information about the ribose pucker or about the hydrogen bonds between the phosphate and the protein reportedly because of static disorder in the crystal. The crystal structure of the enzyme complexed with 5'-GMP has not been determined so far. There is therefore no data that can show whether in the solid state 3'-GMP and 5'-GMP also adopt conformations that are different from the ones proposed from solution studies. In view of this a computer modeling study has been taken up to investigate the favored modes of binding of the three mononucleotide inhibitors 2'-GMP, 3'-GMP, and 5'-GMP to RNase T I . These studies not only provide information regarding the probable modes of binding and the possible hydrogen bonds between these inhibitors and the protein, but also provide a stereochemical explanation for the observed experimental results, particularly the differences observed in the puckering of the ribose moiety of 2'-GMP in solid state and solution. Further, being a small protein of 104 amino acid residues, RNase T1 serves as a good model system to understand how proteins recognize base sequences in single-stranded RNA molecules.
METHODS
All the calculations reported in this paper use the protein coordinates from a 2I-GMP-Lys25-RNase TI complex solved a t a resolution of 1.9 A." The coordinates for the various inhibitors (Figure la-c) were generated using standard geometry.15-17 The conventions followed for defining the torsion angles in the nucleotide unit were the same as described by Saenger." The polar hydrogen atoms were fixed using standard bond lengths and bond angles." Some approximations were made in the present study to simplify the calculations and to reduce the required computation time. Although the 2.6 A resolution x-ray crystal structure study of the 3'-GMPRNase T1 complex l 4 could not provide much information about the ribose pucker and the hydrogen bonds between the phosphate group and RNase T 1 , the overall polypeptide folding was found to be similar to that observed in the a'-GMP-RNase T I complex. In view of this it was assumed that the backbone conformation would be the same in the complex of 5'-GMP with RNase T I also, and hence in all cases only the side-chain atoms of the amino acids were allowed to move during minimization. All CH, CH2, and CH3 groups in the protein and the inhibitor molecule were treated as united atoms while computing the total conformational energy. In the 1.9 Cartoon diagrams of the three inhibitors 2'-GMP, 3'-GMP, and 5'-GMP studied A resolution crystal structure study of the 2'-GMPLys25-RNase TI complex, most of the water molecules were found around the surface of the protein and sparsely in the active site, and the inhibitor binding site was found to be part of an apparently underhydrated surface portion. Hence instead of including the solvent molecules explicitly, the effect of solvent in damping the electrostatic forces was modeled by using a distance-dependent dielectric constant which weighs the short-range interactions more than the long-range interactions.
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First, the sterically allowed orientations for the inhibitor in the active site were identified using "contact criteria." Initially, the guanine base was fixed in the binding site of the protein as identified in the solid state." For this the center of the sixmembered ring of the guanine base was taken as the origin of the right-handed Cartesian coordinate system. The three rotational parameters specified in terms of the three Eulerian rigid body rotation angles-$, 8, and $-define the orientation of the base in the binding site. All the amino acid residues that fall within a sphere of radius 10 A from the center of the base were considered for contact criteria. For determining the sterically allowed orientations for the base only, the backbone atoms were considered. The base was rotated by varying each one of the three rotation angles in steps of 10" ( 4 from 0" to 360", 6 ' from 0" to 180", and $ from 0" to 360") and then translated into the binding site. An orientation was rejected as disallowed if the distance between any inhibitor atom and any protein atom was less than the contact criterion specified for that particular atom pair.lg The ribose moiety was then attached to guanine at different glycosyl torsion angles (lo", go", 180", and 270" ) and in both C2'-endo and C3'-endo puckered conformations to find out the allowed orientations for guanosine in the binding site starting from only those orientations allowed for guanine.
Subsequently, the sterically allowed orientations for the guanosine were used as starting points for energy minimization of the 2'-GMP, 3'-GMP, and 5'-GMP (both C2'-endo and C3'-endo puckering modes) complexes with RNase T1. About 15-20 orientations in the sterically allowed region were selected as starting points for minimization of the complexes of each of the three inhibitors with RNase T, covering the entire allowed region. Minimization was also carried out with different conformations of the amino acid side chains (other than those observed in the crystal structure) and the inhibitor as starting conformations. All the 104 amino acid residues in the protein were considered for calculating the energy. Since the coordinates for the side-chain atoms of Glu102 were not available from the x-ray study due to orientational disorder, they were fixed using the standard geometry in staggered orientations." All the acidic and basic amino acid residues and the terminal amino and carboxyl groups were considered as ionized except Glu58, which was treated as n e~t r a l .~
The phosphate group of the inhibitor was considered in its monoionic form carrying one negative
The side-chain atoms of 37 amino acid residues including those involved in guanine recognition and in catalysis, i.e., Ser35 to Phe50, Tyr56 to Ile61, Tyr68 to Val79 and Val89 to Glu102 (Table 11) were allowed to move during energy minimization. The total calculated energy includes the intramolecular energy of the inhibitor and the protein and the interaction energy of the inhibitor with the protein. This was calculated by considering the van der Waals, electrostatic, hydrogen-bond, and torsional contributions. The van der Waals energy was evaluated using the LennardJones 6-12 potential and the electrostatic energy using the Coulomb expression. The hydrogen-bond contribution was evaluated using the 10-12 potential instead of the van der Waals 6-12 potential only for those atom pairs that had the potential to form a hydrogen bond ( i.e., between polar hydrogen atoms and atoms of the type -N=, -0-, and =O that can act as hydrogen-bond acceptors). The function used was of the form FA C 332.0QiQ;
The values of the constants A , A', B , and C were taken from Nemethy et a1. 21, 22 For the phosphorous atom, the parameters for the 6-12 potential were taken from Refs. 23-25. The r is the distance between the interacting atom pair. V is the height of the n-fold barrier and t is the torsion angle. The values for the parameters V and n were taken from Ref. 20 for amino acids. In the nucleotides, the torsional contribution from rotation about the glycosyl bond was taken to be zero as the barrier is presumed to be very low.26 For other bonds the parameters were taken from Ref. 25 . F is the scaling factor taken as 0.5 for 1-4 interactions (i.e., interactions between atoms separated by three bonds) and as 1.0 for 1-5 and higher interactions ( i.e., interactions between atoms separated by four or more bonds). The partial charges Qi and Q, on the inhibitor and the Wotein 
Glu102 a Alal-Gly34, Pro39, Gly47, Ser51-Pro55, ProGO, Leu62-Va167, Gly70-Gly71, Pro73, Gly74, Ala75, Phe80-Gly88, Gly94, Ala95, Gly97, and Cys103-Thr104 were kept rigid.
atoms were calculated by the CNDO/2 method.27 For calculating the charges on the atoms of amino acid residues, the N-acetyl-"-methyl amino acid amides were considered. For the nucleotides the charges were calculated for the guanine base and the ribose-phosphate moiety separately. In all the cases the charges were calculated for different conformations and average values were taken (Tables  I11 and IV) . The effective dielectric constant ( d ) was set equal to the distance between the interacting atom pair. Such a distance-dependent dielectric constant is computationally efficient as only even powers of r are then needed for energy evaluation. The total potential energy of the complex was minimized with respect to both external (3 translational and 3 rotational) and internal ( 7 inhibitor and 86 protein side-chain torsion angles) degrees of freedom using the double dogleg strategy of Dennis and Mei.= Gradients were calculated by analytical differentiation of the energy function2' and all the calculations were done in double precision arithmetic. The minimization method employs a model trust region to choose the step length, double dogleg strategy to choose the search direction and BFGS formula to a Charges are given in electronic charge units (ecu). Charges on the nonpolar hydrogen atoms have been added to the nonhydrogen atom to which they are attached.
Ala+ is the N-terminal alanine residue.
' Thr-is the C-terminal threonine residue. a Charges are given in electronic charge units (ecu). Charges on the nonpolar hydrogen atoms have been added to the nonhydrogen atom to which they are attached.
update the Hessian and the inverse Hessian approximations. Minimization was stopped when the rms gradient was less than 0.01 kcal/mol/A. This minimization method was implemented and coded in the authors' laboratory to study the T4-lysozymeligand interaction^.^' Scheraga and co-workers have used a similar algorithm implemented by Gay3' to study the interactions between two sheets in a protein, 32 to study the multiple minimum problem in protein folding by Monte Carlo minimization app r~a c h ,~~ and to predict the conformations for the immunodominant region of the circumsporozoite protein of the human malaria parasite Plasmodium falaparum. 34 
RESULTS
From contact criteria, it was found that the guanine base can bind in mainly two modes. In one mode, the orientation of the base was similar to that observed in the crystal structure and in the other, it binds in a "flipped" orientation. When energy minimization was carried out starting from the sterically allowed orientations identified by contact criteria, in all the minimized conformers, the base assumed either of these two orientations. However, the total energy was very high in those complexes in which the base binds in a flipped orientation. Tables V-VII show some of the low-energy conformers of the complexes of the three inhibitors with RNase T I .
In all the low-energy conformers of a particular complex the base hydrogen bonds remained the same [except in the 3'-GMP (C3'-endo)-and the 5'-G M P ( C3'-endo)-RNase T1 complexes], and the phosphate was bound in the pocket formed by residues Asn36, Tyr38, His40, Glu58, Arg77, His92, and Asn98. The energy difference between the lowest and other conformers was mainly from the movement of the amino acid residues present in the phosphate binding pocket.
Only the lowest energy conformers of the complexes of the three mononucleotide inhibitors 2'-GMP, 3'-GMP, and 5'-GMP in both C2'-endo and C3'-endo puckered conformations with RNase T, are reported in Table VIII (Figure 2a-f) . In Table   IX , the possible hydrogen bonds between the inhibitor and the protein predicted from the present calculations are shown. The orientations of the side chains of many of the amino acid residues are significantly altered from those reported from the crystal structure, and these are shown in Table X. The base binding site comprises mainly the residues Tyr42, Asn43, Asn44, Tyr45, Glu46, Asn98, and PhelOO in all the three RNase T,-inhibitor complexes (Figure 2a-f) . N1 of guanine is hydrogen bonded to Glu46 OEl in all the cases. N2 of the base forms two hydrogen bonds: one with Glu46 OE2 and the second with the backbone oxygen of Asn98. The latter hydrogen bond is not possible in the 3'-GMP( C3'-endo)-RNase T, complex. 0 6 of the base accepts two hydrogen bonds from Asn44 N and Tyr45 N. Both these hydrogen bonds with 0 6 are not possible in the 5'-GMP( C3'-endo)-RNase T I complex. N7 forms a hydrogen bond with both Asn43 N and Asn43 ND2 in the complexes of 2'-GMP and 3'-GMP with RNase T , , and only with Asn43 ND2 in the complexes of 5'-GMP with RNase T I .
The ribose moiety of all the three inhibitors in both C2'-endo and C3'-endo puckered conformations forms a hydrogen bond with the Asn98 side-chain amide group, but this is rather weak in the 5'-GMPRNase T1 (both C2'-endo and C3'-endo) complexes E58 O E l 0.
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" Rigid hody rotation angles 4, 0, and $ and glycosyl torsion angle X are in degrees. Energy is relative to Conformer No. 1. The base hydrogen honds are same as given in Table IX for the low-energy conformers. bAn additional N2-N98 0 hydrogen bond is formed. Table IX for endo) -RNase TI complex (Figure 2d ), the 05' atom forms a hydrogen bond with His92 NE2. Although the position of the phosphate group is different in the three inhibitors, present calculations predict that the phosphate group always prefers to bind in the same site of the protein comprising the residues Asn36, Tyr38, His40, Glu58, Arg77, His92, and Asn98 (Figure 2a-f ; Table 1x1 . The phosphate group donates a hydrogen atom to Glu58 in all the three RNase TI-inhibitor complexes except in the 3'-GMP( C2'-endo)-RNase TI complex, where the 2'-OH group acts as the donor. Asn36 ND2 forms a hydrogen bond with the phosphate only in the 3'-GMP(C2'-endo) -RNase TI complex. Tyr38 OH forms one hydrogen bond with the phosphate group in all the three RNase TI-inhibitor complexes. Although the His40 side chain is near the phosphate group in all the complexes, hydrogen-bond formation between them is possible only in the 3'-GMP( C3'-endo)-RNase TI complex. Arg77 and His92 side ' Glycosyl torsion angle (in degrees).
Total energy relative to the 2'-GMP (C3-endo) complex that is the lowest. The criteria followed for selecting hydrogen bonds are the same as suggested by Baker and Hubbard." Distance between the hydrogen and the acceptor atoms (in Angstroms) and the angle formed by the donor, hydrogen, and the acceptor atoms (in degrees) are also shown. a PheOO stands for phenyl alanine 100. Only those side-chain torsion angles that alter by more than 10" from the crystal structure conformation are listed here. The definition of the various torsion angles are as given in Ref. 19. Name of the amino acid residue and the bond about which significant change in torsion angle is noted.
' Torsion angle value reported in the Y-GMP-Lys25-RNase TI complex."
chains form a hydrogen bond with the phosphate in the 2'-GMP-RNase TI (both C2'-endo and C3'-endo) and 3'-GMP( C2'-endo)-RNase T1 complexes, and two hydrogen bonds in the 5'-GMPRNase T, (CZ'-endo) complex. In the 5'-GMP (C3'-endo)-RNase TI complex, Arg77 forms one and His92 forms two hydrogen bonds with the phosphate group. In the 3'-GMP ( C3'-endo) -RNase T1 complex, Arg77 forms two hydrogen bonds with the phosphate group. The total conformational energy difference between the C2'-endo and C3'-endo pucker forms of the 2'-GMP-RNase T1 and 3'-GMP-RNase T1 complexes is negligibly small.
However, the 5'-GMP( C3'-endo)-RNase T1 complex has slightly higher conformational energy ( 1.5 kcal/mol) than the 5'-GMP( C2'-endo)-RNase T1 complex. Thus the binding of 2'-GMP and 3'-GMP in both C2'-and C3'-endo ribose pucker forms to RNase Tl is equally probable, whereas for 5'-GMP, C2'-endo pucker form is slightly more favoured over C3'-endo form.
DISCUSSION
In the 2'-GMP (C2'-endo)-RNase T1 complex, the number of hydrogen bonds between the base and the protein predicted here are slightly more than those reported from either of the two crystal structure studies "J' (Table I ). The hydrogen bond between the side-chain amide group of Asn43 and N7 of guanine predicted from the present calculations is not reported by Arni et al." In the native Y-GMPRNase T1 complex, although this Asn43 ND2-N7 hydrogen bond has been reported, the Tyr45 N-06 and Glu46 OE2-N2 hydrogen bonds are not reported." Thus the present calculations indicate that all the hydrogen bonds proposed between the guanine base and the enzyme in the complex of 2'-GMP with both the native and Lys25-RNase T1 are possible. The 0 2 ' and 05' atoms of ribose can form hydrogen bonds with His40 NE2, Glu58 OE2, and Asn98 OD1 of the protein. These hydrogen bonds are not indicated in any of the crystal structure studies. For the phosphate, there is a better agreement between the hydrogen bonds proposed from the present calculations and those reported in the native 2'-GMP-RNase T1 complex.
A stereo diagram comparing the energy-minimized structure obtained from this study for the 2'-GMP (CZ'-endo) -RNase T1 complex with the structure obtained by the 1.9 A resolution x-ray crystallographic study of 2'GMP-Lys25-RNase T1 is shown in Figure 3 . The rms differences in the positions of the amino acid side-chain atoms between the initial x-ray structure and the final energyminimized structure are tabulated in Table XI. For the inhibitor 2'-GMP molecule, the rms difference is 2.09 A. Side chains of residues Ser35, Asn36, His40, Lys41, Asn43, Asp49, Glu58, Arg77, Va178, His92, and Asn98 show considerable deviation from the starting conformation. The orientation of the base in the theoretically predicted complex is nearly the same as that observed in the x-ray crystallographic study, but the ribose-phosphate conformation is slightly different. Amino acid residues that are directly involved in binding and catalysis-viz., Asn36, His40, Asn43, Glu58, Arg77, His92, and Asn98-deviate from the initial conformation to have better hydrogen-bonding interactions with the bound inhibitor. The movement of the side chains of the amino acid residues in the active site appear to be concerted whereas those that are away from the active site move mainly to relieve unfavorable interactions present in the reported x-ray structure.
The present calculations also predict that the mode of binding of 3'-GMP and 5'-GMP is very similar to that of 2'-GMP as inferred from the 'Hnmr studies.13 The base and the phosphate moieties interact with the same amino acid residues in all three RNase T1-inhibitor complexes, which requires the relative disposition of the base and the phosphate to be the same, independent of the phosphate position on the inhibitor. This is possible due to the flexibility of the inhibitor, which allows rotation of the base about the glycosyl bond and alterations in the ribose pucker. A change in the ribose pucker affects a large change in the glycosyl angle of the bound inhibitor in the 2'-GMP-RNase Tl and 3'-GMP-RNase T1 complexes, but not in the 5'-GMPRNase T1 complex (Table VIII) . In all the three RNase T I-inhibitor complexes, the ribose moiety forms a t least one hydrogen bond with the protein. This suggests that the ribose moiety does not act merely as a spacer between the base and the phosphate to ensure proper disposition between them for binding as indicated earlier,13 but it also contributes significantly to the stability of the complex. The contribution of the ribose moiety towards the binding energy is more in the 2'-GMP-RNase T1 and the 3'-GMP-RNase T1 complexes in comparison to the 5'-GMP-RNase T1 complex where the Am98 ND2 to ribose 0 4 ' hydrogen bond is rather weak. Although His92 was found to be present in the phosphate binding site in the complex of 2'-GMP with both the native-and Lys25-RNase T 1 , no hydrogen bond was reported between His92 and the phosphate group from the x-ray diffraction studies. The present calculations show that His92 may indeed form one hydrogen bond with the phosphate group in the 8'-GMP-RNase TI (both C2'-endo and C3'-endo) and 3'-GMP( C2'-endo)-RNase T1 complexes, and a bifurcated hydrogen bond with the two phosphate oxygen atoms in the 5'-GMP-RNase T I (both C2'-endo and C3'-endo) complexes. However, in the 3'-GMP (C3'-endo) -RNase T1 complex, His92 may form a hydrogen bond with the phosphate group instead of 0 5 ' of ribose. Such a switch in the hydrogen bond increases the total conformational energy by about 1 kcal/mol over the minimum energy conformation.
It can be seen from Table VIII that of the three RNase Tl-inhibitor complexes, the 2'-GMP-RNase T, complex has the least and the 5'-GMP-RNase Tl complex has the highest total conformational energy, suggesting that the former forms a more stable complex than the latter. This is qualitatively in agreement with gel filtration, uv-difference spectral, and kinetic ~t u d i e s ' *~~-~~ showing that the binding affinity and the inhibitory effect of the three nucleotide inhibitors decreases in the order 2'-GMP > 3'-GMP > 5'-GMP (Table X I Table IX ) . This may explain the unusually high pK, of Glu58 reported from the potentiometric and spectrophotometric titration ~t u d i e s .~ Such an interaction between the phosphate and Glu58 is possible in other complexes also except in the 3'-GMP( CB'-endo) -RNase T1 complex.
In the complexes of the three mononucleotide inhibitors 2'-GMP, 3'-GMP, and 5'-GMP with RNase TI (Table VIII) , the ribose pucker, be it C2'-endo or C3'-endo, makes very little difference to the total conformational energy of the complex, indicating that in solution both may be present and in solid state it may be frozen in either form. The present calculations predict that the glycosyl torsion angle in the 2'-GMP (C2'-endo)-RNase T,\complex will be in the +sc range (85" ) , which is in fairly good agreement with the x-ray crystal structure studies (55" in the 2'-GMP-Lys25-RNase T, complex).
The same torsion angle in the 2'-GMP (C3'-endo) - (Table VIII) . It should be recalled that while interpreting the nmr data, Inagaki et al.13 considered only the C3'-endo pucker conformation.
In the 3'-GMP-RNase TI complex a large NOE should be expected in both the C2'-endo (Hl'-H8 distance = 2.6 A) and the C3'-endo (Hl'-H8 distance = 2.8 A ) ribose pucker conformations. Hence NOE studies may not throw any light on the nature of the ribose pucker in this case. The observed vicinal coupling constant of 4-6 Hz in the 1 : 1 mole ratio complex of 3'-GMP with RNase T1 suggests the possibility of existence of both the puckered conformations of ribose in solution. This is again consistent with the theoretical predictions that in solution the ribose moiety in the 3'-GMP-RNase T I complex may occur in both puckered conformations as the energy difference between the 3'-GMP (C2'-endo)-RNase T1 and the 3'-GMP( C3'-endo)-RNase T1 complexes also is very small. In the 5'-GMP-RNase T , complex the distance between the Hl'-H8 protons is about 3.5 b, in either of the puckered conformations and hence the expected NOE is negligibly small, which in fact is the case. The energy difference between the 5 '-GMP ( C2'-endo) -RNase T, and the 5'-GMP(C3'-endo)-RNase T I complexes is small (1.5 kcal/mol), with the C2'-endo conformation being slightly favored over C3'-endo conformation; but the observed vicinal coupling constants suggest that the 5'-GMP binds predominantly in the C3'-endo puckered conformation. I t is also important to note that theoretical calculations on the guanosine 3',5'-bis( phosphate)-RNase T1 complex (unpublished results) predict that the 5'-phosphate end binds in the phosphate binding site in preference to the 3'-phosphate end with the ribose moiety in C3'-endo puckered conformation, in agreement with the nmr studies. Chemical modification and spectroscopic studies have shown that His40, Glu58, Arg77, and His92 are actively involved in the catalysis of RNase T, .
Although there is consensus that His92 serves to protonate the 0 5 ' oxygen of the leaving group, the attack a t the 2' hydroxyl is still a matter of debate. Does Glu58 act as a base (which appears probable due to its high pK, value in the presence of bound nucleotide) with His40 engaged in its activation, or is it His40 that accepts the proton? The present work cannot provide an answer, although in the complex of 3'-GMP (which resembles the substrate more closely than 2'-GMP and 5'-GMP) with RNase T 1 , the 2'-hydroxyl group is in hydrogen bonding contact only to Glu58 and only if the ribose pucker is C2'-endo. More theoretical and experimental studies are necessary to clarify this point.
CONCLUSIONS
The theoretical models arrived at from the present study suggest that in the complexes of 2'-GMP, 3'-GMP, and 5'-GMP with RNase T,, the ribose moiety may be present in both the puckered conformations to significant extents in solution whereas in the solid state it may be frozen in either of the two conformations. These studies also explain the relative inhibitory effect of these three inhibitors and the high pK, value observed for Glu58 in the presence of 8'-GMP. These predicted models are also consistent in general with the 'H-nmr data. It is interesting to note that in a recently reported x-ray crystal structure study of guanylyl-2',5'-guanosineRNase T1,41 the ribose of the guanosine 2'-phosphate moiety adopts two conformations-C2'-endo and C3'-endo--in a statistical ratio 30 : 70 and this corroborates well with the predictions of the present study that the ribose can occur in either of the two puckered forms.
